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ABSTRACT
A n t is e r a  fo r  cucumber mosaic v i ru s  (CMV), tobacco e tc h  v i r u s  (TEV), 
p o ta to  v i r u s  Y (PVY), and the Samsun l a t e n t  s t r a i n  of tobacco  mosaic 
v i r u s  (SLTMV) were produced f o r  use in  i d e n t i f i c a t i o n  o f  pepper v i ru s e s .  
CMV was p u r i f i e d  by an i n i t i a l  po lyethylene g ly c o l  (PEG) p r e c i p i t a t i o n  
follow ed by d i f f e r e n t i a l  c e n t r i fu g a t io n .  PVY, TEV and SLTMV were 
p u r i f i e d  by rep ea ted  PEG p r e c i p i t a t i o n  and re su sp e n s io n .  P u r i ty  o f  the 
c o n c e n tra te d  v i ru s  p r e p a ra t io n s  was determined by UV s p e c t r a ,  d e n s i ty  
g r a d ie n t  c e n t r i f u g a t io n ,  and absence of h e a l th y  h o s t  r e a c t io n s  in  
an tise ru m  prepared  from the p u r i f i e d  v i ru s .  Antiserum  was p repared  
from r a b b i t s  by a s e r i e s  o f  in tram u scu la r ,  in t ra v e n o u s ,  and fo o t  pad 
i n j e c t i o n s .  Tomato sp o tte d  w i l t  v i ru s  (TSWV) and p o ta to  v i r u s  X (PVX) 
a n t i s e r a  were ob ta ined  from Dr. G. V.. Gooding o f  N. C. S ta t e  U n iv . ,  
R a le ig h .  O uchterlony double d i f f u s io n  t e s t s  fo r  CMV, TSWV and PVX were 
made in -a  1% agarose + 0.1% sodium az ide  medium, f o r  TEV and PVY in  a 
1% ion  agar  No. 2 + 0.5% sodium dodecyl s u l f a t e  (SDS) + 1% sodium 
a z id e  medium, and fo r  SLTMV in  a 1% ion agar No. 2 + 1% sodium az ide  
medium.
I d e n t i f i c a t i o n  and d i s t r i b u t i o n  o f  m echanically  t r a n s m i t t e d  
v i r u s e s  in f e c t in g  peppers in  L ou is iana  were determ ined by h o s t  range and 
s e r o lo g ic a l  s tu d ie s .  Leaves showing symptoms o f v i r a l  i n f e c t i o n  from 
th e  fo u r  commercial pepper growing a re a s  of L ou is iana  were 
c o l l e c t e d  and m echanically  in o c u la te d  to  a h o s t  range . A d i l u t i o n  o f 1 
p a r t  sap to  20 p a r t s  phosphate b u f f e r  was used r o u t i n e l y .  V irus  
i s o l a t e s  were t e s te d  s e r o lo g ic a l ly  as  deemed n ec e ssa ry .  In  the  few 
samples taken  from the Hammond-Ponchatoula a rea  where b e l l  peppers 
a r e  grown, TEV and CMV were the most p re v a le n t  v i ru s e s  found. Only
0-30% o f  the  p la n ts  in  most of the  f i e ld s  in  t h i s  a re a  showed symptoms 
o f  v i r a l  in f e c t io n  in  th e  f i e l d .  Samples of b e l l  peppers  growing in  
the  S t .  James area  which had v i ru s  d isease  symptoms showed TEV, PVY,
CMV and TSWV to be the  most p rev a len t  v i r u s e s ,  r e s p e c t i v e l y .  V irus 
m ix tu re s  were common, p a r t i c u l a r l y  from mid to  l a t e  season . In  some 
f i e l d s ,  l a t e  in  the  growing season, c lo se  to 100% o f  the  p l a n t s  were 
v i r u s  in fe c te d  in  t h i s  a r e a .  The most im portan t v i r u s e s  i n  the  
S t .  M a r t in v i l le -B re a u x  B ridge a re a ,  where cayenne peppers  a re  the  main 
type o f pepper grown, appear  to be TEV and CMV. P e rcen tag e  o f  in fe c te d  
p l a n t s  was h ig h , o f te n  over  50%, and damage was heavy . In  th e  Avery 
- I s l a n d  a re a  Tabasco pepper i s  the main type o f  p epper  grown, b u t  a 
sm all acreage  o f  G reen leaf  Tabasco i s  grown f o r  o b s e rv a t io n .  Tabasco 
pepper was found to  be n e a r ly  100% in fe c te d  w i th  SLTMV by the  time of 
t r a n s p la n t in g  to  the  f i e l d .  SLTMV was found to  be  seed t r a n s m i t te d  
in  Tabasco peppers. Seed transm iss ion  o f  SLTMV from Tabasco seed 
ranged from 1.0 to 1.9% o v er  a 17 month p e r io d  i n  th e  seed l o t  t e s t e d .  
SLTMV was e lim in a ted  from in fe c te d  Tabasco seed by a HC1 tre a tm e n t  of 
the  s e e d . .  Other v i ru s e s  i s o l a t e d  from Tabasco p ep p ers  were TEV, CMV, 
TSWV and PVY.
In  r e p l ic a te d  f i e l d  p l o t  s tu d ie s ,  y ie ld  o f  Tabasco was in c reased  
by an average o f  22% in  SLTMV-free p la n t s .  P re l im in a ry  t e s t s  in d ic a te d  
t h a t  TEV reduced y ie ld  i n  b e l l  peppers by 23% and by  21% in  cayenne. 
CMV.reduced y ie ld  in  b e l l  -peppers by 97% and by 61% in  cayenne peppers .
v i i i
PURIFICATION AND SEROLOGY OF 
CUCUMBER MOSAIC VIRUS
INTRODUCTION
Several methods f o r  p u r i f i c a t i o n  o f  cucumber mosaic v i r u s  (CMV) 
have been pub lished  in  r e c e n t  y e a rs  ( 3 ,4 ,7 ,8 ) .  Each o f  th e se  methods 
a p p a re n t ly  has been used s u c c e s s f u l ly  to  p u r i f y  CMV. This  paper 
p r e s e n ts  a m o d if ic a t io n  o f  one o f  th e  p re v io u s ly  d e sc r ib e d  p u r i f i c a t i o n  
methods (4 ) .  The m o d i f ic a t io n  employed a s in g le  p r e c i p i t a t i o n  w ith  
p o ly e th y len e  g ly co l  (PEG) (2 ) ,  and om ission  o f  d i a l y s i s  which g r e a t ly  
reduced th e  time r e q u i re d  to  complete the  p u r i f i c a t i o n .  Y ie lds  o f  
CMV were as  h igh  as th o se  o b ta in e d  by th e  o r ig i n a l  method b u t w ith  le s s  
con tam inating  s e r o l o g i c a l l y  a c t i v e  h o s t  p r o t e in .
MATERIALS AND METHODS
P a r t i a l  p u r i f i c a t i o n  o f  CMV. The i s o l a t e  of CMV was ob ta ined  
from a b e l l  pepper p l a n t ,  Capsicum annuum L. cv .  F lo r id a  R e s is ta n t  Giant
i n  L o u is ian a . I d e n t i f i c a t i o n  o f  the  v i r u s  was made by h o s t  range 
s tu d i e s .
Cotyledonary le a v e s  o f  C ucurb ita  pepo L. cv. Sugar Pumpkin were 
d u s ted  w ith  carborundum and in o c u la te d  w i th  gauze pads dipped in  an 
e x t r a c t  o f  in fe c te d  pumpkin t i s s u e  t r i t u r a t e d  w ith  a m o rta r  and p e s t l e  
w i th  0.01 M phosphate b u f f e r ,  pH 7 .2 .  Cotyledons were h a rv e s te d  a f t e r  
10 days from p la n t s  showing symptoms in  th e  f i r s t  t r u e  l e a v e s .  
P u r i f i c a t i o n  a t  4 C was perform ed as fo l lo w s :
1 . Fresh in fe c te d  t i s s u e  was homogenized in  0 .5  M c i t r a t e  b u f f e r ,  pH 6.5,
c o n ta in in g  0.1% th io g l y c o l i c  a c id  and chloroform  in  p ro p o r t io n s  o f
1 g : 1 ml : 1 ini, r e s p e c t i v e l y .
2 . The emulsion was broken  by c e n t r i f u g in g  a t  1,200 g fo r  10 min.
3. Polyethylene g ly c o l  (mol wt 6 ,000 , Baker Chemical C o .,  P h i l l ip s b u rg ,  
New Je rse y )  was added a t  th e  r a t e  o f  8 g/100 ml to  th e  aqueous phase.
The m ix tu re  was s t i r r e d  w ith  a m agnetic  s t i r r e r  fo r  15 to  30 min.
4 .  The m ixture was c e n t r i f u g e d  a t  8,700 g f o r  30 min and the p e l l e t  
was resuspended by homogenizing w ith  a sm all t i s s u e  g r in d e r  (Kimble 
No. 43910, Kimble P ro d u c ts ,  T o ledo , Ohio) in  0.005 M b o r a te  b u f fe r ,  
pH 9 .0 ,  a t  the r a t e  o f  10 ml b u f f e r  per  100 ml o f the  aqueous phase 
o f  s te p  3 .  The v i ru s  su sp en s io n  was s t i r r e d  w ith  a m agnetic  s t i r r e r  
f o r  30 min.
5 .  The resuspended v i r u s  was th en  c l a r i f i e d  f u r th e r  by a low speed 
c e n t r i fu g a t io n  a t  5 ,400 g f o r  15 min, and th e  p e l l e t  was d isca rd ed .
6 . The superna tan t f l u i d  was r e c e n t r i fu g e d  fo r  75 min a t  78,000 g.
7. P e l l e t s  were resuspended  w ith  a t i s s u e  g r in d e r  in  0 .005 M b o ra te ,  
pH 9 .0  a t  the r a t e  o f  1 to  3 ml p e r  100 ml o f  the  o r i g i n a l  p la n t  e x t r a c t  
and c l a r i f i e d  a t  5 ,400 g f o r  15 min. The p e l l e t  was d isc a rd e d .  The 
resuspended v i ru s  p r e p a r a t i o n  was s t i r r e d  w ith  a m agnetic  s t i r r e r  for
30 min.
8 . The superna tan t f l u i d  was th e n  c e n tr i fu g e d  fo r  45 min a t  105,000 g 
and the  p e l l e t s  were resuspended  w ith  a t i s s u e  g r in d e r  i n  0.005 M 
b o ra te  a t  the r a t e  o f  1 to  3 ml p e r  100 ml o f  the  o r i g i n a l  p la n t  
e x t r a c t  and c l a r i f i e d  a t  5 ,400  g fo r  15 min and the p e l l e t  was d isc a rd e d .  
The resuspended v i ru s  p r e p a r a t io n  was s t i r r e d  on a m agnetic  s t i r r e r  fo r  
30 min.
9 . Procedure No. 8 was r e p e a te d .
A comparison of th e  y i e l d  and i n f e c t i v i t y  was made between v i ru s  
p u r i f i e d  by S c o t t 's  method and v i r u s  p u r i f i e d  using PEG. In fec ted
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pumpkin t i s s u e  was homogenized in  0.05 M c i t r a t e  b u f f e r ,  pH 6 .5  c o n ta in ­
ing  0.1% th io g ly c o l i c  a c id  and chloroform  in  p ro p o r t io n s  o f  1 g : 1 ml 1 
m l. The emulsion was b ro k en .b y  c e n t r i f u g a t io n  a t  5,400 g fo r  15 min.
The aqueous phase was d iv id e d  in to  two equal p a r t s ,  and 1 p a r t  was 
p u r i f i e d  by the  o r i g i n a l  method (4 ) .  The m o d if ic a t io n  suggested by 
S co tt  (5) o f  red u c in g  th e  h igh  speed c e n t r i f u g a t io n  p e r io d s  by o n e - h a l f  
was used . The o th e r  h a l f  was p u r i f i e d  acco rd ing  to th e  PEG method 
d esc r ib ed  above. Approximate y i e ld s  were determ ined by u l t r a v i o l e t  
spec trophotom etry  fo r  each method u s in g  an e x t in c t io n  c o e f f i c i e n t  o f  
5 (5) a t  260 nm fo r  1 mg/ml in  a 1 cm th ic k  c u v e t te .
A ppropria te  d i l u t i o n s  o f th e  p a r t i a l l y  p u r i f i e d  v i r u s  were made 
from each p rocedure  and assayed on cowpea (Vigna s in e n s is  cv. C a l i f o r n i a  
Blackeye) (6 ) .  The p l a n t s  were shaded fo r  24 h r  p r io r  to in o c u la t io n .  
Leaves were dusted  w ith  carborundum and 20 p i  o f  the d i lu te d  p u r i f i e d  
v i ru s  were spread u n ifo rm ly  on each h a l f  l e a f  w ith  a g la s s  ro d .  Local 
le s io n s  were counted 48 h r  l a t e r .
Density  g r a d ie n t  c e n t r i f u g a t i o n  (1) was c a r r i e d  o u t  w ith  a SW 25 .2  
ro to r  a t  96,500 g fo r  2 .4  h r  (Spinco, model L 2 ) . G lycerol g r a d ie n ts  
were made in  0.005 M b o r a t e ,  pH 9 , by la y e r in g  16 ml each o f  50%,
40%, 30% and 20% g l y c e r o l .  Three ml o f  v i ru s  suspension  c o n ta in in g  
approxim ately  5 mg o f  v i r u s  were la y e red  on to p .  A f te r  c e n t r i f u g a t io n  
the g ra d ie n ts  were ana lyzed  w ith  an ISC0 d e n s i ty  g ra d ie n t  f r a c t i o n a t o r  
( In s tru m en ta t io n  S p e c i a l t i e s  C o .,  L in co ln ,  N ebraska),
Sero logy. A n t i s e r a  were p rep ared  by in trav e n o u s  i n j e c t i o n  o f  
approxim ately  5 mg o f  the  p u r i f i e d  v i r u s  in  0 .5  to 1 ml o f 0.85% NaCl, 
in to  New Zealand w hite  r a b b i t s ,  follow ed by an in tra m u sc u la r  i n j e c t i o n  
o f  10 to  20 mg o f  the  v i r u s  mixed w ith  F reu n d 's  incom plete ad ju v an t  i n t o
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each h ind  fo o t  pad. In tram u scu la r  and fo o t  pad i n j e c t i o n s  were made 
on th e  same day 1 to  2 weeks fo llo w in g  the  in travenous  i n j e c t i o n s .
R abb its  were b led  1 month a f t e r  th e  in tram u scu la r  and fo o t  pad i n j e c t i o n s  
and p e r i o d i c a l l y  a f t e r  t h a t .  Antiserum t i t e r  was de term ined  w ith  each 
b le e d in g .  Normal serum was c o l l e c te d  be fo re  the i n i t i a l  i n j e c t i o n s .
A ll  a n t ise ru m  was t e s t e d  a g a in s t  h e a l th y  pumpkin and pepper sap , 
f ro z e n  pepper and pumpkin sap , and normal serum p r io r  to  u s e .  Frozen 
o r  f r e s h  p l a n t  m a te r ia l  to  be assayed fo r  CMV was ground i n  a m ortar  
and squeezed through c h e e se c lo th  to  o b ta in  u n d ilu ted  p l a n t  sap .
P u r i f i e d  v i r u s  was d i lu te d  in  0.005 M b o ra te ,  pH 9 .0 .  F re e z e -d r ie d  
a n t ise ru m  was r e c o n s t i t u t e d  w ith  1 p a r t  g ly c e ro l  and 1 p a r t  d i s t i l l e d  
w a te r .  R e c o n s t i tu te d  an tise rum  was s to re d  a t  -20 C. Antiserum  d i l u t i o n s  
were made w ith  0.85% NaCl and d i s t i l l e d  w a te r .  •
The fo llo w in g  media were t e s t e d  to  determ ine the  b e s t  medium fo r
O uch terlony  double d i f f u s io n  s tu d ie s  of CMV: ( i )  0.85% io n  agar No. 2
(Colab L a b o ra to r ie s  I n c . ,  Chicago H e igh ts ,  111.) and 0.1% sodium 
a z id e ;  ( i i )  0.85% ion  agar  No. 2, 0.1% sodium a z id e ,  and 0.85% NaCl;
( i i i )  same as i i  + 0.01 M EDTA ( e t h y l e n e d i n i t r i l o t e t r a a c e t i c  a c id ) ;
( iv )  same as  i i  + 1% 2 -m ercap to e th an o l; (v) same as i i  + 1% T r i to n
X-100 (a lk y lp h e n o x y p o ly e th o x y e th a n o l) ; (v i)  same as i i  + 0.1% sodium
dodecyl s u l f a t e ;  (v ii)  1% agarose  (Calbiochem L a b o ra to r ie s ,  I n c . ,
San Diego, C a l i f o r n i a ) ,  0.85% NaCl and 0.1% sodium a z id e ;  and ( v i i i )
1% ag aro se  and 0.1% sodium a z id e .
O uchterlony  double d i f f u s io n  t e s t s  were preformed u s in g  the  Gelman 
im m unodiffusion ap p ara tu s  (Gelman I n s t r .  Co., K it No. 9 -530-686).  The 
p ro ced u re  fo r  p re p a r in g  th e  s l i d e s  was described  in  th e  mannual
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accompanying th e  k i t .  One p e rc e n t  agarose  and 0.1% sodium a z id e  
(medium v i i i )  were used in s te a d  o f  Noble agar medium recommended in  
th e  Gelman manual.
RESULTS
P a r t i a l  p u r i f i c a t io n  of CMV. Y ie lds  were determ ined by u l t r a ­
v i o l e t  spec tropho tom etry  fo llow ing  s e v e ra l  sep ara te  p u r i f i c a t i o n s  by 
th e  o r i g i n a l  method and th e  PEG m o d if ic a t io n  of t h i s  method and were 
found to  range between 100 and 300 mg/lcg o f  in fe c te d  pumpkin t i s s u e .
Each method r e s u l t e d  in  about th e  same v i ru s  y ie ld  (Table 1) and s im i la r  
u l t r a v i o l e t  s p e c t r a  (Fig. 1) f o r  a g iven  s e t  of t i s s u e  e x t r a c t e d .
V iru s  p u r i f i e d  by each method produced about the same number o f  l o c a l  
l e s io n s  when assayed on cowpea. D ensity  g ra d ie n ts  of PE G -purified  
p r e p a r a t io n s  were s im i la r  to  th o se  o b ta in ed  from p r e p a ra t io n s  p u r i f i e d  
by th e  o r i g i n a l  method. However, th e  PEG p re p a ra t io n s  d id  no t e x h i b i t  
the  m inor,  fast-m oving comportent d esc rib ed  by S co tt  (4 ,5 )  (F ig . 2 ) .
S e ro lo g y . A number o f  media were te s te d  to  de term ine  t h e i r  u s e f u l ­
n ess  fo r  th e  O uchterlony  t e s t  performed in  the immunodiffusion a p p a ra tu s .  
Medium v i i i  was the  most s a t i s f a c t o r y  and c o n s is te n t ly  gave the  c l e a r e s t  
band c h a r a c t e r i s t i c  o f  CMV (5 ) .  Media i i i ,  iv  and v gave a s in g le  
s t r a i g h t  band. In  a l l  th e  media excep t v i i i ,  a v i s i b l e  p r e c i p i t a t e  
formed in  th e  a n t ig e n  w ell  i n d i c a t i n g  p r e c i p i t a t i o n  o f th e  v i r u s  in  
th e  w e l l s .
Antiserum  t i t e r  was determ ined by t e s t i n g  a g a in s t  p u r i f i e d  CMV 
p r e p a r a t i o n s .  T i t e r s  o f  1:64 were commonly obtained  w ith  the  Gelman 
immunodiffusion appara tus  u s in g  medium v i i  (Fig. 3 ) .  Anfiserum prepared
Table 1 . --C om parative y ie ld s  o f  CMV from in f e c t e d  
cucumber (C ucurb ita  pepo L. cv. Sugar Pumpkin) 
u s in g  S c o t t ' s  method and th e  PEG m o d i f ic a t io n
Y ield  mg v iru s /k i lo g ra m  t i s s u e 3 
S c o t t  PEG
P u r i f i c a t i o n I 168 182
P u f i r i c a t i o n I I 284 296
P u r i f i c a t i o n I I I b 110
E x t i n c t i o n  c o e f f i c i e n t  o f  5 a t  260 n m 'fo r  1 mg/ml 
i n  a 1 cm th ic k  c u v e t te  was used to  d e te rm in e  
y i e l d .



















F ig .  1. U l t r a v io l e t  s p e c t r a  o f  CMV p a r t i a l l y  
p u r i f i e d  by S c o t t ' s  method (broken l i n e )  and 
the  PEG m o d if ic a t io n  ( s o l id  l i n e ) .  V irus  was 










f r a c t i o n
Fig. 2 . - - U l t r a v i o l e  t  p r o f i l e  o f  CMV p u r i ­
f ie d  by the PEG method, a f t e r  c e n t r i f u g a t io n  
f o r  2.4 hours in  a 20 to  50% g ly c e ro l  g r a d ie n t  
in  0.005 M b o ra te  b u f f e r ,  pH 9 .0  in  a 
SW 25.2 r o to r  a t  96,500 g.
F ig . 3 . —T y p ica l  p r e c i p i t i n  r e a c t io n  o f  an tiserum  
prepared from CMV p u r i f i e d  by th e  PEG method a g a in s t  
CMV in fe c te d  and h e a l th y  pepper sap . Immunodiffusion 
medium was 1% a g a ro se  + 1% sodium a z id e .
1. CMV in f e c te d  pepper sap .
2. Healthy pepper sap .
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a g a in s t  CMV p u r i f i e d  by S c o t t ' s  method sometimes gave a p o s i t iv e  h o s t  
p r o t e in  r e a c t i o n  and had to  be c ro ss  r e a c te d  w ith  h e a l th y  h o s t  p ro te in  
b e fo re  u se .
DISCUSSION
The PEG method o f  CMV p u r i f i c a t i o n  d e sc r ib e d  h e re in  has s e v e ra l  
advantages over the  o r ig in a l  CMV p u r i f i c a t i o n  method. CMV p u r i f i e d  
by the  PEG p r e c i p i t a t i o n  method appeared to  be equal in  p u r i t y  and 
i n f e c t i v i t y .  The tim e re q u ire d  f o r  p u r i f i c a t i o n  was g r e a t l y  reduced 
when PEG was used in s te a d  o f  the cumbersome d i a l y s i s  s te p  in  the  
o r i g i n a l  method.
V irus  p u r i f i e d  by the  o r ig i n a l  method o f te n  gave r e a c t io n s  w ith  
h e a l th y  h o s t  p r o t e in s ;  w hereas, an tise ru m  p rep ared  from PEG -purified  
v i r u s  d id  n o t r e a c t  w ith  h e a l th y  h o s t  p r o t e in .
I t  was found t h a t  17. agarose  + 0 .1 %  sodium az id e  was the  b e s t  
medium fo r  double d i f f u s io n  s tu d ie s  in  th e  Gelman immunodiffusion 
a p p a ra tu s .  Antiserum developed from CMV p rep ared  by th e  PEG method 
gave a s in g le  s t r a i g h t  band and d id  no t g ive  a v i s i b l e  curved band (5) 
i n  double d i f f u s io n  t e s t s  (F ig .  3 ) .  The a n t ise ru m  t i t e r  o f  the  v i ru s  
u s in g  the  Gelman immunodiffusion a p p a ra tu s  was h ig h e r  than' had been 
r e p o r te d  p re v io u s ly  when immunodiffusion t e s t s  were c a r r i e d  our in  
p e t r i  d ish e s  (5 ) .
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I I .  PURIFICATION AND SEROLOGY OF POTATO Y 
AND TOBACCO ETCH VIRUSES
13
INTRODUCTION
S evera l  methods have been p u b lished  on th e  p u r i f i c a t i o n  o f  v i r u s e s  
be long ing  to  th e  p o ta to  v i ru s  Y group. G i l l a s p i e  (3) has reviewed 
th e se  methods using  sugarcane mosaic v i r u s  (SCMV). S ev era l  o f  th e se  
methods ( 1 ,2 ,7 ,9 )  were t r i e d  in  t h i s  l a b o r a to ry  w ith  vary in g  r e s u l t s .
This  paper d e s c r ib e s  a method o f  p u r i f i c a t i o n  o f  p o ta to  v i ru s  Y 
(PVY) and tobacco e tc h  v i ru s  (TEV) us ing  p o ly e th y le n e  g ly c o l  (PEG) (5) 
which c o n s i s t e n t l y  gave v i r u s  p r e p a ra t io n s  which upon in j e c t i o n  in to  
r a b b i t s  produced an tise rum  which would n o t  r e a c t  w ith  h e a l th y  pepper 
sap.
MATERIALS AND METHODS
One PVY i s o l a t e  and th e  TEV i s o l a t e  used in  t h i s  s tudy  were i s o ­
l a t e d  from b e l l  pepper (Capsicum annuum L .)  grown in  L o u is ian a .  They 
were t e n t a t i v e l y  i d e n t i f i e d  by h o s t  range s tu d i e s .  The o th e r  PVY 
i s o l a t e  was ob ta ined  from Dr. G. V. Gooding (N.C. S ta te  U n iv .,  R a le ig h ) .
Tobacco (N ic o t in ia  tabacum cv. NC-95) was in o c u la te d  w ith  tobacco 
t i s s u e  in f e c te d  PVY or TEV t r i t u r a t e d  w ith  a m o rta r  and p e s t l e  w ith
0 .01 M phosphate  b u f f e r ,  pH 7 .2  (1 :1 ) .  Leaves o f  th e  in o c u la te d  
tobacco  were h a rv e s te d  and homogenized in  a b le n d e r  (1 g : 1 ml) in  a 
f r e s h l y  p repared  medium c o n ta in in g  1% 2 -m ercap to e th an o l,  0.017 M 
a s c o rb ic  a c id  and 0 .01 M Na d ie th y ld i th io c a rb a m a te .  A ll  o p e ra t io n s  
were c a r r i e d  out a t  4 C. The e x t r a c t  was squeezed through  two la y e rs  
o f  cheese c lo th  and e m u ls if ie d  w ith  co ld  ch lo ro fo rm . The emulsion 
was broken by c e n t r i f u g a t io n  a t  8,500 g fo r  10 min. Up u n t i l
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t h i s  p o in t ,  the  method of e x t r a c t io n  and c l a r i f i c a t i o n  was t h a t  o f  
S n aze lle  e t  a l .  (8) which i s  s im i la r  to  th a t  o f  G i l l a s p i e  (3) and 
Delgado-Sanchez and Grogan (2 ) .
The p e l l e t  was then d isca rd ed  and PEG (mol wt 6 ,000 , Baker 
Chemical Company, P h i l l ip s b u r g ,  New Je rs e y )  was added to  the  aqueous 
phase to  make a 4% s o lu t io n .  The m ixture was s t i r r e d  on a magnetic  ' 
s t i r r e r  f o r  15 min and c e n tr i fu g e d  a t  8,500 g fo r  20 min. The p e l l e t s  ' 
were resuspended in  a 0 .1  M b o ra te  b u f f e r ,  pH 8 .2  by homogenizing in  a 
sm all t i s s u e  g r in d e r  (Kimble.No. 43910, Kimble P ro d u c ts ,  Toledo, Ohio) 
a t  the r a t e  o f  10 ml of b u f f e r  p e r  100 ml of the  o r ig i n a l  e x t r a c t .  
Resuspended v i r u s  was allowed to  s tand  fo r  30 min to  1 h r .  The v i ru s  
c o n ta in in g  m ix ture  was c l a r i f i e d  a t  8,500 g f o r  10 min and the p e l l e t s  
d is c a rd e d .  PEG aga in  was added to  make a 4% s o lu t io n  fo llow ed by 
a d d i t io n  of NaCl to  4% or IN HC1 to  a d ju s t  the pH o f  the  m ix ture  u n t i l  
a p r e c i p i t a t e  formed (about pH 5 .2 - 5 .5 ) .  The m ix tu re  was then  c e n tr i fu g e d  
a t  8 ,500 g fo r  20 min and the  p e l l e t s  were resuspended in  0 .1  M b o ra te  
pH 8 .2 .  P e l l e t s  were resuspended w ith  a t i s s u e  g r in d e r .  The procedure 
o f adding PEG followed by NaCl o r pH ad justm ent was c a r r i e d  ou t th re e  
tim es to  g ive  a t o t a l  o f  f iv e  PEG p r e c i p i t a t i o n s .  Y ie ld  o f  v i r u s e s  
was determ ined by u l t r a v i o l e t  spectrophotom etry .
D ensity  g ra d ie n t  c e n t r i f u g a t io n  of the  p a r t i a l l y  p u r i f i e d  samples 
was done accord ing  to  the procedure o u t l in e d  by S n a z e l le  e t  a l .  (8) 
excep t t h a t  g ly c e ro l  was used in s te a d  of sucrose  to  make the  g r a d ie n t s .
A n t i s e r a  were p repared  by in j e c t i o n  o f New Zealand w hite  r a b b i t s  
in t ra v e n o u s ly  w ith  2 to  4 mg of the p u r i f i e d  v i r u s  in  0 .5  to  1 ml 
o f  0.85% NaCl. This was followed by an in tra m u sc u la r  i n j e c t i o n  o f 
5 to  10 mg o f  the  v i r u s  mixed w ith  F reu n d 's  complete ad ju v a n t  and
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i n j e c t i o n  o f  2 to  4 mg o f  th e  p u r i f i e d  v i ru s  mixed 1:1  w ith  F re u n d 's  
incom plete  ad ju v an t in to  each h ind  foo t pad. In tra m u sc u la r  and fo o t  
pad i n j e c t i o n s  were made on the same day as the in trav e n o u s  i n j e c t i o n s .  
R a b b its  were b led  1 month a f t e r  the  in tram u scu la r  and fo o t  pad in j e c t io n s  
and p e r i o d ic a l l y  a f t e r  t h a t .  Antiserum t i t e r  was t e s t e d  w ith  each 
b le e d in g .  R abb its  were g iven  a b o o s te r  shot of 2 to  4 mg o f  v i r u s  
mixed 1:1 w ith  F reu n d 's  complete ad ju v an t in tra m u sc u la r ly  as  needed. 
Normal serum was c o l le c te d  b e fo re  the i n i t i a l  i n j e c t i o n s .  A n t is e ra  were 
t e s t e d  a g a in s t  h ea l th y  pepper and tobacco sap and normal serum p r io r  to  
u se .
The medium recommended by Gooding & Bing (4) c o n ta in in g  1% ion 
a g a r  No. 2, 0.5% sodium dodecyl s u l f a t e  (SDS) and 1% sodium az id e  in  
d i s t i l l e d  w a te r  o r a medium c o n s is t in g  of 1% agdrose + 0.1% sodium 
a z id e  were used fo r  immunodiffusion s tu d ie s .  Immunodiffusion t e s t s  
were c a r r i e d  out in  p l a s t i c  p e t r i  d ish es  (20 x 100 mm) o r on microscope 
s l i d e s  in  a Gelman immunodiffusion appara tu s  (Gelman In s tru m e n t Co.
K i t  No. 9-530-686). The procedure followed fo r  p re p a r in g  th e  frames fo r  
immunodiffusion s tu d ie s  was th a t  g iven  in  the  k i t .
RESULTS
I t  was found in  t h i s  la b o r a to ry ,  as rep o rted  by G i l l a s p i e  (3 ) ,  
t h a t  the  method o f  e x t r a c t io n  and c l a r i f i c a t i o n  of S n a z e l le  e t  a l .  (8) 
gave th e  h ig h e s t  degree o f p u r i t y  and lowest amount o f  a g g re g a t io n .
The v i r u s  was o f te n  agg regated  and l o s t  du ring  p u r i f i c a t i o n ,  in  the  
o th e r  methods t r i e d  ( 1 ,2 ,7 ,9 ) .
The u l t r a v i o l e t  s p e c t ra  f o r  p u r i f i e d  TEV i s  shown in  F ig u re  1. 



























F ig .  X—U l t r a v io l e t  s p e c t ra  o f  TEV p a r ­
t i a l l y  p u r i f i e d  by the  PEG method. V irus  was 
suspended in  0.01 M t r i s  b u f f e r ,  pH 7 .2 .
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and to  a s se s s  th e  p u r i t y  o f  th e  p r e p a r a t io n .  The u l t r a v i o l e t  s p e c t r a '  
in  the  d e n s i ty  g r a d ie n t  shows th a t  th e r e  was one peak (F ig .  2 ) .
E le c tro n  m icroscop ic  exam ination  o f  the  p u r i f i e d  v i ru s  p re p a ra t io n s  
showed p r im a r i ly  long flexuous rods t y p i c a l  o f  the  PVY group.
TEV an tise ru m  f a i l e d  to  r e a c t  w ith  h e a l th y  p la n t  sap in  the  
O uchterlony d i f f u s io n  t e s t s ,  a f t e r  th e  method o f  p u r i f i c a t i o n  and 
in o c u la t io n  o f  r a b b i t s  o u t l in e d  in  m a te r ia l s  and methods. Immuno­
d i f f u s io n  s tu d ie s  in  th e  Gelman im m unodiffusion ap p ara tu s  w ith  a 
medium c o n ta in in g  SDS, ion  agar  No. 1 and sodium az id e  f a i l e d  to  g ive  
a v i ru s  s p e c i f i c  r e a c t io n .  When a medium c o n ta in in g  1% agarose  and
0.01% sodium a z id e  was used, a v i ru s  s p e c i f i c  r e a c t io n  occu rred  v e ry  
c lo se  to  the  a n t ig e n  w e ll  (F ig . 3 ) .  Immunodiffusion t e s t s  in  p e t r i  
d ish e s  w ith  th e  SDS-containing medium gave a v i r u s  s p e c i f i c  r e a c t io n  
midway between th e  a n t ig e n  and an t ib o d y  w e l ls  (F ig .  4 ) ,  and w ith  the  
ag aro se  medium gave a r e a c t io n  c lo s e  to  th e  a n t ig e n  w e l l .  Both media 
were s a t i s f a c t o r y  fo r  t e s t i n g  a n t i s e r a  a g a in s t  p u r i f i e d  v i ru s  and 
in f e c te d  p la n t  sap  in  p e t r i  d i s h e s .  The an t ise ru m  t i t e r  was 1/256 in  
O uchterlony p l a t e s  when t e s t e d  a g a in s t  p u r i f i e d  v i r u s .  In  a n o th e r  
experim en t, PVY was su b je c te d  to  th e  p u r i f i c a t i o n  method o u t l in e d  in  
m a te r ia l s  and methods. Antiserum p rep a red  a g a in s t  p u r i f i e d  PVY d id  n o t  
r e a c t  w ith  h e a l th y  pepper sap .
DISCUSSION
Leberman (6) re p o r te d  t h a t  p r e c i p i t a t i o n  o f  v i ru s e s  by PEG was 
favored  by low n e t  charge on the  v i r u s  p a r t i c l e  o r  by th e  p resence  o f  
a h ig h  c o n c e n t ra t io n  o f  s h ie ld in g  e l e c t r o l y t e  . T h e re fo re ,  NaCl o r  











■Fig. 2 . — U l t r a v i o l e t  p r o f i l e  of TEV p a r t i a l l y  
p u r i f i e d  by th e  PEG method, a f t e r  c e n t r i f u g a t i o n  
fo r  2 .5  h r  a t  90,500 g in  a SW 25.2 r o t o r .  Columns 
were p repared  by la y e r in g  20 to  50% g ly c e r o l  in  0.01 
M c i t r a t e .
t
F ig .  3 . —T ypica l p r e c i p i t i n  r e a c t io n  o f  an t ise ru m  p r e ­
pared from TEV p u r i f i e d  by th e  PEG method a g a in s t  p u r i f i e d  
TEV and h e a l th y  p la n t  sap . Immunodiffusion medium was 1% 
ag aro se  + 0.1% sodium a z id e .
1 .  P u r i f i e d  TEV p re p a ra t io n .
2 . H ealthy  pepper sap .
F ig .  4 . —ty p ic a l  p r e c i p i t i n  r e a c t i o n  o f a n t i ­
serum prepared  from TEV p u r i f i e d  by th e  PEG method 
a g a in s t  TEV in fe c te d  and h e a l th y  pepper sap. Im­
m unodiffusion medium was 0.5% SDS, 1% ion  ag a r ,  
and 1% sodium a z id e .
1. TEV in fe c te d  pepper sap.
2. H ealthy  pepper sap.
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th e  i s o e l e c t r i c  p o in t  o f  the  v i r u s  fo r  p r e c i p i t a t i o n  o f  th e  v i r u s  to 
t a k e  p la c e .  In  the  p r e s e n t  s tudy  no t ro u b le  was encountered  in  the 
i n i t i a l  PEG p r e c i p i t a t i o n  o f  th e  v i r u s  w ithou t th e  a d d i t io n  o f  NaCl (5) 
o r  a c i d i f i c a t i o n  o f  the  e x t r a c t  to  the  i s o e l e c t r i c  p o in t  (pH 5 .0 -5 .2 )  
o f  th e  v i r u s .  I t  was found th a t  e i t h e r  NaCl o r a c i d i f i c a t i o n  was 
needed to  p r e c i p i t a t e  the  v i r u s  in  the  succeeding PEG p r e c i p i t a t i o n s .
G i l l a s p i e  (3) s t a t e s  "every  h igh  speed c e n t r i f u g a t io n  s te p  in  the  
p u r i f i c a t i o n  schedule  causes  some lo s s  o f  v i r u s  y i e ld  and i n f e c t i v i t y . "  
T h e re fo re ,  i t  was decided  to  use  rep ea ted  PEG p r e c i p i t a t i o n  and low 
speed c e n t r i f u g a t io n  in  the. p r e s e n t  s tudy  to  p u r i f y  TEV and PVY in  an 
a t te m p t  to  reduce th e se  l o s s e s .  No a c tu a l  comparisons o f  y i e ld  and 
i n f e c t i v i t y  were made between th e  PEG method and p re v io u s ly  d esc r ib ed  
methods o f  p u r i f i c a t i o n .  However, a n t i s e r a  p repared  from TEV and PVY 
p u r i f i e d  by the  PEG method d e s c r ib e d  h e re in  have been used r o u t in e ly  to  
i d e n t i f y  v i r u s e s  from in fe c te d  p l a n t  samplfes w ith  good r e s u l t s .
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INTRODUCTION
McKinney (4) i s o l a t e d  a s t r a i n  of TMV from a pungent pepper (South 
C a ro l in a  No. 46252) which was seed t r a n s m i t te d  in  21.6% o f  the  seed 
t e s t e d .  McKinney named th i s  v i r u s  the Samsun l a t e n t  s t r a i n  o f tobacco  • 
mosaic v i r u s  (SLTMV). Crowley (3) used SLTMV to  study seed t ra n sm iss io n  
o f  v i r u s e s .  He re p o r te d  t h a t  t h i s  s t r a i n  was p re se n t  only on the  seed 
t e s t a  and could be i n a c t iv a te d  w ith  a 10% s o lu t io n  of " te e p o l" .  He 
d i s s e c te d  embryos and was unab le  to  reco v e r  the v i ru s  from the embryo or 
endosperm. In  the  pungent pepper he worked w ith  th e re  was 15 to  30% 
seed t ra n sm is s io n .  He concluded th a t  seed t ra n sm iss io n  r e s u l t e d  from 
con tam ina tion  o f  the  germ ina ting  embryo from the in fe c te d  t e s t a .
The common s t r a i n  o f TMV was n o t seed t ra n sm it te d  in  pepper and 
Tabasco was r e s i s t a n t  to  the  common s t r a i n  o f  TMV (2 ) .
Anderson (1) re p o r te d  re c o v e r in g  SLTMV from a Tabasco pepper from 
L o u is ian a  in  1959. Assays over  the  p a s t  few years  have shown t h a t  
d u r in g  the  growing season Tabasco pepper p la n t s  (Capsicum f ru te s c e n s  
cv. Tabasco) on Avery I s l a n d ,  L o u is ia n a ,  were n e a r ly  100% in fe c te d  w ith  
a s t r a i n  o f  TMV i d e n t i c a l  in  p r o p e r t i e s  w ith  SLTMV, i . e . ,  SLTMV does n o t  
show symptoms in  Lycopersicon  esculentum  m i l l  cv. Bonnet B es t ,  i s  
l a t e n t  in  N ic o t ia n a  tabacum L. cv. Samsun and i s  system ic in  Capsicum 
f ru te s c e n s  L. cv. Tabasco (unpublished  r e s u l t s ) .  In  a d d i t io n ,  s e e d l in g s  
have been taken  from seedbeds and found to  have a high percen tage  of 
i n f e c t io n .  This paper i s  concerned w ith  d e te rm in a tio n  of seed t r a n s ­
m iss io n ,  p e rc e n t  o f seed t ra n sm is s io n ,  e f f e c t  of v i ru s  on y i e l d  and 
p o s s ib le  seed tre a tm e n t  and s a n i t a t i o n  measures to  c o n tro l  the  v i r u s  in  




D eterm ination  o f  seed t ra n sm iss io n  o f  the  v i r u s . A f re sh  l o t  of 
Tabasco seed was o b ta in ed  from the  Mcllhenny Co. (New I b e r i a ,  L o u is i ­
a n a ) .  Seeds were s to re d  in  a r e f r i g e r a t o r  a t  4C. Samples of seed 
were taken out a t  p e r io d ic  i n t e r v a l s  and p la n te d  in  steam s t e r i l i z e d  
s o i l .  Pepper p la n t s  develop ing  mosaic were used to  in o c u la te  tobacco, 
N. tabacum cv. Havana 425, a l o c a l  l e s io n  h o s t  o f  TMV.
E lim in a tio n  o f  SLTMV from v i ru s  in fe c te d  se e d . Dried seed shown 
to  be SLTMV contam inated  were a c id  t r e a te d  by a method based on the 
work o f  Taylor e t  a l .  (5) fo r  th e  tre a tm e n t o f  tomato seed to  e l i ­
minate TMV. A 1:20 d i l u t i o n  o f c o n c en tra ted  HC1 in  w ate r  was added 
in  an adequate q u a n t i ty  to  cover the  seed com plete ly . The seed were 
allowed to  soak fo r  6 to  7 h r .  The seed were then  spread  th in ly  and 
d r ie d  as r a p id ly  as p o s s ib le  w ith  the a id  o f  an e l e c t r i c  fan .
E f f e c t  o f  SLTMV on y i e l d  of Tabasco p e p p e r . To determ ine the  
e f f e c t  of SLTMV on y i e l d ,  a lo c a t io n  was s e le c te d  a t  Chase, L o u is ian a , 
where Tabasco peppers  a re  n o t  grown. P la n ts  were s e t  th re e  f e e t  a p a r t  
in  th re e  p l o t s ,  each c o n ta in in g  8 ,  100 f t  rows. Two o f the p lo t s  were 
"SLTMV-free", t h a t  i s ,  s e e d l in g s  were grown from a c id  t r e a te d  seed,
A ll  p la n t s  were pruned about 2 weeks a f t e r  p la n t in g .  One p lo t  was 
a r t i f i c i a l l y  in o c u la te d  by p run ing  the young s e e d l in g s  w ith  s c is s o r s  
dipped in  a p a r t i a l l y  p u r i f i e d  s o lu t io n  o f  SLTMV and 1 to  2 leav es  were 
rubbed w ith  the v i r u s  su sp en s io n . The in fe c te d  p lo t  was sep a ra ted  
from the  SLTMV-free p l o t  by a 12 f t  c le a n  c u l t i v a t e d  s t r i p ,  and an­
o th e r  SLTMV-free p lo t  was approx im ate ly  200 yards  away from the o th e r  
two p l o t s .  Y ie ld  was determ ined  in  pounds o f  r ip e  f r u i t  from the 
f i r s t  th re e  p ic k in g s .  In  a n o th e r  experim ent, a lo c a t io n  a t  Avery
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I s l a n d ,  L ou is iana , was s e le c t e d  about a m ile  from where Tabasco peppers 
a r e  grown. A r e p l i c a t e d  b lo ck  des ig n  w ith  four r e p l i c a t io n s  was used. 
P lo ts  were th re e  rows wide and 100 f t  long w ith  rows 5 f t  a p a r t  and 
p la n ts  s e t  3 f t  a p a r t  in  rows. There were fou r  r e p l i c a t io n s  each o f  
SLTMV-infected and c o n t r o l  t r e a tm e n ts .  P lan ts  were in o c u la te d  w ith  
SLTMV as above. Y ie ld  was determ ined from two p ic k in g s .
Attempt to  e l im in a te  SLTMV from Tabasco p ep p er . An a ttem pt was 
made to  e l im in a te  SLTMV from Tabasco pepper on Avery I s l a n d .  The 
e n t i r e  Tabasco seed  l o t  to  be p la n te d  was a c id  t r e a t e d  by the  method 
d e sc r ib e d  above. S o i l  was changed in  th e  seed b ed s ,  and th e  frames 
were drenched w ith  sodium h y p o c h lo r i t e ,  th en  th e  beds were fumigated 
w ith  m ethyl bromide. Tools and implements were steam  cleaned  p r io r  
to  u se .  Routine se e d in g  and t r a n s p l a n t in g  procedures  were fo llow ed. 
Seedbeds and f i e l d s  were r o u t i n e l y  surveyed and p la n ts  showing SLTMV 
type symptoms were r e c o rd e d .  Samples o f  p la n ts  showing symptoms were 
in o c u la te d  to  Havana 425 tobacco to  confirm  SLTMV i n f e c t i o n s .
RESULTS
Transm ission  o f  SLTMV i n  Tabasco seed ranged from 1 .0  to  1.9% 
over a 17 month p e r io d  fo r  which a g iven  seed  l o t  was t e s t e d  (Table 1 ) .  
Other l o t s  o f  seed randomly sampled and t e s t e d  .showed s im i la r  r e s u l t s .
The v i r u s  was s u c c e s s f u l l y  e l im in a te d  from th e  seed by th e  HC1 
tre a tm e n t o u t l in e d  above. S ev era l  sm all  l o t s  o f  t r e a t e d  seed and 
th re e  l o t s  o f  more th a n  2 ,000 seed  each were p la n te d  and c lo s e ly  
observed  fo r  SLTMV symptoms. No in fe c te d  p lo t s  were d e te c te d .
A y i e ld  re d u c t io n  as a r e s u l t  o f  SLTMV i n f e c t i o n  was measured 
in  both  y i e ld  t r i a l s .  At Chase, L o u is ian a , a 38% re d u c t io n  was measured
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Table 1 . —Number o f  tab asco  pepper s e e d l in g s  showing symptoms o f  SLTMV











In fe c te d
P e rc e n t  Seed 
Transm ission
10/02/70 12/12/70 0 212 4 1 .9
12/10/70 02/01/70 2 97 1 1 .0
06/11/71 08/11/71 8 132 2 1.5
01/13/72 03/04/72 14 114 2 1 .8
04/17/72 07/20/72 17 173 3 1 .7
aSeed from Mcllhenny C o., Avery I s l a n d ,  L o u is ia n a .
Table 2 . —E f f e c t  o f  SLTMV on y ie ld  o f  Tabasco peppers  a t  Chase,
L o u is ian a .
Lbs. o f  r i p e  f r u i t 3
8/21 9/2 9/22 T o ta l
SLTMV In o c u la te d 104 62 140 306
SLTMV Free (Adjacent) 202 88 205 495
SLTMV Free (S ep ara te ) 213 101 180 494
aY ie ld  from e ig h t-ro w  wide, 100 f t .  long p l o t s .
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(Table 2 ) .  No p la n t s  were found in fe c te d  w ith  SLTMV in  th e  SLTMV-free 
p lo t s  200 yards  from th e  in o c u la te d  p l o t .  However, th e  SLTMV-free 
p lo t  a d ja c e n t  to  th e  in o c u la te d  p lo t  had an o c c a s io n a l  p la n t  become 
in f e c te d  from mid to  l a t e  season  which r e s u l t e d  in  about a 10% in f e c ­
t i o n  by th e  end o f  th e  season . Data from th e  r e p l i c a t e d  b lock  e x p e r i ­
ment a t  Avery I s l a n d ,  L o u is ian a , showed lo ss  o f  v ig o r  (F ig . 1) and a 
y i e l d  r e d u c t io n  o f  22% from SLTMV in fe c te d  p la n ts  (Table 3 ) .  SLTMV 
began to  sp read  to  th e  check p lo t s  midway in  th e  growing season  
and by l a t e  h a r v e s t  over 50% o f  th e  c o n t ro l  p la n t s  were i n f e c te d .
No v i ru s  was d e te c te d  from Tabasco pepper p la n ts  grown in  seed ­
beds from t r e a t e d  seed on Avery I s la n d .  However, p la n ts  in  th e  f i e l d  
began showing symptoms l a t e r  in  th e  seaso n . Pockets o f  i n f e c t io n  
were found in  m id-season  and were e x te n s iv e ly  sp read  up and down 
rows as th e  p la n ts  grew and im p le m e n t s  were drawn over  them du ring  
c u l t i v a t i o n .  I t  was im poss ib le  to  e s t im a te  a c c u r a te ly  th e  p e rc e n t ­
age i n f e c t io n  because i n f e c t io n  was so e r r a t i c .  Near th e  end o f  the  
growing season  a t  l e a s t  30% o f  th e  p la n ts  were showing symptoms o f  
v i r u s  i n f e c t io n .
DISCUSSION
As Crowley r e p o r te d  (3 ) ,  SLTMV appeared to  be a s u r f a c e  con­
tam inan t on Tabasco seed because i t  could  be s u c c e s s fu ly  e l im in a te d  
by a c id  t re a tm e n t .  I t  was shown th a t  SLTMV caused 22 to  38% y ie ld  lo ss ;  
t h e r e f o r e ,  a t tem p ts  were made to  e l im in a te  th e  v i ru s  from th e  Tabasco 
pepper crop  on Avery I s l a n d .  Although s p o t  checks f a i l e d  to  re v e a l  
any in f e c te d  p la n ts  in  the  seedbed, in f e c te d  p la n t s  were found during  
th e  growing season  i n  th e  f i e l d .  I t  i s  n o t  known how th e  p la n ts
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Table 3. E f f e c t  o f  SLTMV on y i e ld  o f Tabasco peppers  in  a 
r e p l i c a t e d  p l o t  experim ent a t  Avery I s l a n d ,  L o u is ian a  in  1972.
Treatm ent
H arvest d a te s  
2/29 10/24 T o ta l  Lbs/Acre
Virus f re e
1A 2,294 2,000 4,294
IB 2,794 1,882 4,676
1C 1,882 1,294 3,176
ID 1,971 1,882 3,853
Average 4,000*
SLTMV in fe c te d
2A 1,294 2,147 3,441
2B 1,471 1,882 3,353
2C 1,471 794 2,265
2D 1,764 1,382 3,146
Average 3,051
a t  t e s t  in d ic a te d  t h a t  the  d i f f e r e n c e  in  y ie ld  between 
v i r u s - f r e e  and v i r u s - in f e c t e d  p l a n t s  was s i g n i f i c a n t  a t  
th e  1% l e v e l .
F ig .  1 . — E ffe c t  o f  SLTMV on v ig o r  o f  Tabasco p la n ts  
grown on Avery I s la n d ,  L o u is ian a .  SLTMV in fe c te d  pepper 
i s  on th e  r i g h t ;  d i s e a s e - f r e e  i s  on th e  l e f t .
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became in f e c t e d .  I t  i s  p o s s ib le  t h a t  con tam ination  came from the  
seedbed, a lth o u g h  a t tem p ts  were made to  decontam inate  them by 
changing s o i l ,  fum igating  and d rench ing  w ith  sodium h y p o c h lo r i te .  
Seedlings r o u t i n e l y  a r e  pruned w ith  sh ea rs  when they  reach  3 to  4 
inches h ig h ;  co n seq u en tly ,  i f  th e r e  a r e  any in f e c te d  se e d lin g s  
p r e s e n t - in  th e  seedbed , th e  v i ru s  i s  sp read  r a p id ly .  Other p o s s ib le  
sources o f  i n f e c t i o n  a re  a l t e r n a t e  h o s ts  and s o i l .  A ll  peppers 
a re  on a 2 y r  r o t a t i o n  w ith  soybeans . Another a t tem p t w i l l  be made 
to  e l im in a te  th e  v i r u s  in  th e  nex t p la n t in g .
i
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IV . IDENTIFICATION AND DISTRIBUTION OF 




E stim a te s  by th e  L o u is ian a  C ooperative  E x ten sio n  S erv ice  based 
on county  agen t r e p o r ts  showed a t o t a l  o f  1 ,200 to  1,400 a c re s  o f  b e l l  
p ep p er, and about 4 ,000  a c re s  o f  h o t p eppers  w ere grown com m erically  
in  L o u is ian a  d u rin g  th e  1971-72 growing seaso n . The commercial pepper- 
growing in d u s try  in  L o u is ian a  can be d iv id e d  in to  fo u r d i s t i n c t  a reas  
based on lo c a tio n  o r type o f  peppers grown: ( i )  The Hammond-
Ponchatou la  a rea  which in c lu d e s  Tangipahoa, L iv in g s to n , W ashington, and 
S t .  Helena p a r is h e s ;  p r in c ip le  p ro d u c tio n  i s  b e l l  p ep p er, ( i i )  The 
S t .  James a re a  which in c lu d e s  S t .  Jam es, S t .  John th e  B a p t i s t ,  and 
A scension p a r is h e s ;  p r in c ip le  p ro d u c tio n  h e re  i s  a ls o  b e l l  p ep p er,
( i i i )  The S t.  M a rtin v ille -B re a u x  B ridge a re a  which has th e  l a r g e s t  
pepper ac reag e  and in c lu d e s  L a fa y e t te ,  I b e r i a ,  and S t .  M a r t in v i l le  
p a r i s h e s .  A number o f  pepper c u l t i v a r s  a re  grown in  t h i s  a re a  w ith  
th e  g r e a te s t  acreage  be ing  o f the  Long Red Cayenne c u l t iv a r  follow ed 
by c h i l i ,  I t a l i a n ,  Tabasco, s p o r t ,  M is s is s ip p i  s p o r t ,  cherry , and 
banana (13) (iv) and th e  Avery I s la n d  a re a  in  I b e r ia  p a r is h  which 
c o n s is ts  o f  bo th  Avery and J e f fe r s o n  I s la n d s .  These is la n d s  a re  s a l t  
domes which have pushed up along  th e  G ulf C o ast. There i s  a b ra c k ish  
w ater m arsh which s e p a ra te s  Avery I s la n d  by a m ile  o r more from any 
o th e r  t i l l a b l e  la n d , b u t J e f f e r s o n  I s la n d  does n o t have th i s  i s o l a t i o n .  
Tabasco i s  th e  on ly  c u l t iv a r  grown in  t h i s  a re a  ex cep t fo r  a sm all 
o b se rv a tio n  p lo t  o f  G reen leaf Tabasco (7 ) .
Surveys o f th e  L o u is ian a  com m ercial pepper p ro d u c tio n  a re a s  d u rin g  
th e  p a s t  f iv e  y ea rs  by Dr. L. L. B lack have shown th a t  most pepper 
p la n ts  show v iru s  d is e a se  symptoms by th e  tim e they  a re  h a rv e s te d  
(p e rso n a l com m unication). The Hammond-Ponchatoula a re a  i s  an e x cep tio n
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in that only a small percentage of the plants are infected. The 
St. James area has been damaged severely by virus diseases resulting in 
an acreage drop due to the severe yield reductions. All varieties of 
hot peppers grown in Louisiana have a high incidence of viral infections. 
The actual effect of these viral infections on hot pepper yields 
apparently is not as dramatic as with bell pepper because hot peppers 
are not graded.
The purpose o f  th e  p re s e n t  s tu d y  was to  ( i )  id e n t i f y  v iru s e s  
in f e c t in g  L o u is ian a  p ep p e rs , ( i i )  sea rch  f o r  n a tu r a l  weed h o s ts  o f  the  
v i ru s e s  in v o lv e d , and ( i i i )  i n i t i a t e  s tu d ie s  to  d e term in e  e f f e c t s  o f  
some o f  th e  m ajor v iru s e s  on pepper y i e l d s .
MATERIALS AND METHODS
Leaves were c o l le c te d  in  p l a s t i c  bags from in d iv id u a l  p la n ts  
showing v i ru s  d ise a se  symptoms and b ro u g h t to  th e  la b o ra to ry  in  an 
ic e  c h e s t .  The v i ru s  (es)  in f e c t in g  th e  p la n ts  were id e n t i f i e d  by 
a h o s t ran g e  s tu d y  o r se ro lo g y  fo llo w in g  m echanical tra n sm iss io n  to  
p la n ts  in  th e  g reenhouse . C u ltiv a te d  p la n ts  assayed  fo r  v i ru s  in fe c tio n s  
in  t h i s  s tudy  were i d e n t i f i e d  w ith  Manual o f  C u lt iv a te d  P la n ts  (1 ) ,  
and weeds assayed  were i d e n t i f i e d  w ith  G ray 's  Manual o f  Botany (3 ) .
M echanical tra n sm iss io n  was done by t r i t u r a t i n g  in fe c te d  leav es  
w ith  0 .01 M phosphate , pH 7 .2  b u f f e r  in  a l e a f  to  b u f f e r  r a t i o  o f  
abou t 1 :20 and rubbing  th e  e x t r a c t  w ith  a gauze pad onto  carborundum 
(600 mesh) dusted  leav es  o f g reenhouse grown h o s t  p l a n t s .  Each sample 
b ro u g h t to  the  la b o ra to ry  fo r  i d e n t i f i c a t i o n  was i n i t i a l l y  in o c u la te d  
to  a l im ite d  h o s t range c o n s is t in g  o f Capsicum f ru te s c e n s  cv . Tabasco, 
Capsicum annuum cv . Yolo Wonder, and N ic o tia n a  tabacum cv . Havana 425
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(H 4 2 5 ). With t h i s  l im ite d  h o s t range i t  was p o s s ib le  to  id e n t i f y  the 
p resen ce  o f  CMV, TEV and SLTMV. Tobacco e tch  v i ru s  (TEV) cau ses  a 
w i l t  in  Tabasco and a m osaic in  Yolo Wonder. Cucumber m osaic v i ru s  
(CMV) cau ses  l e a f  and stem  n e c ro s is  in  Tabasco and a d u l l  m osaic in  
Yolo Wonder. The Samsun l a t e n t  s t r a in  o f tabacco  m osaic v i ru s  (SLTMV) 
cau ses  lo c a l  le s io n s  on H 425 tobacco . V irus i s o l a t e s  w ere f u r th e r  
in o c u la te d  to  a w ider range  o f h o s t  p la n ts  (Table 1) as deemed
n e ce ssa ry  fo r  i d e n t i f i c a t i o n  or se p a ra tio n  o f v i r u s  m ix tu re s .
PVY, TEV and CMV a n t i s e r a  were p rep ared  as d e sc rib e d  i n  S e c tio n s  
I  and I I  o f  t h i s  d i s s e r t a t i o n .  SLTMV was p u r i f i e d  acco rd in g  to  th e
V
method o f  Gooding and H ebert (5) and H ebert (8 ) .  The p u r i f i e d  p re p a ra ­
t io n  was used to  produce a n t i s e r a  in  r a b b i t s .  Tomato s p o tte d  w i l t  
v i r u s  (TSMV) an tise ru m  and p o ta to  v i ru s  X (PVX) a n tise ru m  were o b ta in ed  
from Dr. G. V. Gooding o f  N. C. S ta te  U n iv ., R a le ig h .
Sero logy o f  f re s h  and fro zen  p la n t  samples was c a r r ie d  o u t by
t r i t u r a t i n g  l e a f  m a te r ia l  w ith  a m ortar and p e s t l e  and u s in g  u n d ilu te d
« ' 
sap pressed through cheesecloth. Serological tests were conducted
u s in g  th e  O uch terlony  double d if fu s io n  method e i t h e r  in  a  Gelman im­
m unod iffu sion  a p p a ra tu s  (Gelman Instrum en t C o., K it No. 9-530-686) or
s tan d a rd  20 x 100 mm p l a s t i c  p e t r i  d is h e s .  The d i f f u s io n  m edia used
in  th e se  s tu d ie s  were ( i )  1% agarose  + 0.1% sodium a z id e  in  d i s t i l l e d  
w ate r fo r  SLTMV and TSWV, ( i i )  1% ion  agar + 0.5% sodium dodecyl 
s u l f a t e  (SDS) (4) in  d i s t i l l e d  w ater fo r  TEV and PVY, and ( i i i )  1% ion 
agar +  17. sodium a z id e  in  d i s t i l l e d  w ater fo r  SLTMV and PVX.
B e ll pepper se e d lin g s  (Capsicum annuum cv . K eystone R e s is ta n t  
G ian t) were in o c u la te d  w ith  CMV, TEV and PVY, to  d e term in e  i t  i f  was 
p o s s ib le  to  use  fro ze n  v i r u s  in fe c te d  f i e ld  sam ples fo r  s e ro lo g ic a l
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i d e n t i f i c a t i o n .  The p la n ts  w ere grown in  s e p a ra te  p lo ts  and leav es  
w ere h a rv e s te d  and fro zen  a t  th e  end o f  th e  growing se a so n . A f te r  
3 to  5 months th e  leaves w ere thawed and s e ro lo g ic a l  t e s t s  w ere 
c a r r ie d  o u t in  th e  Gelman im m unodifusion a p p a ra tu s .
F ie ld  p lo ts  were e s ta b lis h e d  on th e  Sweet P o ta to  R esearch S ta t io n ,  
a t  C hase, L o u is ian a  in  th e  1971 growing season  to  de term ine th e  e f f e c t  
o f  CMV, TEV and CMV + TEV on y ie ld s  o f  b e l l  and cayenne p ep p ers .
P rev ious su rveys had shown th a t  th e r e  was l i t t l e  n a tu r a l  v i ru s  in f e c t io n  
o f  peppers grown in  th is  a r e a .  Nine rows 100 f t  long o f  each b e l l  
(K eystone R e s is ta n t  G ian t) and cayenne, (L ouisiana Long Red Cayenne) 
w ere e s ta b l is h e d  a t  fo u r lo c a tio n s  w ith  a minimum o f  500 f t  s e p a ra t io n .  
The p la n ts  w ere in o c u la te d  by rubb ing  two to  th re e  leaves w ith  sap  
from in fe c te d  p la n ts  to  which 600 mesh carborundum had been added.
Pepper p la n ts  w ere in o c u la te d  w ith  CMV, TEV and CMV + TEV a t  th e  tim e 
o f  f i r s t  f r u i t  s e t .
RESULTS
I t  was found th a t  C u cu rb ita  pepo cv . Sugar Pumpkin, Vigna s in e s i s  
cv . C a l i f o rn ia  B lackeye, and Capsicum f ru te s c e n s  cv . Tabasco w ere 
th e  m ost u s e fu l  p la n ts  fo r  i d e n t i f i c a t i o n  o f  CMV (Table 1 ) .  D atura 
stram onium  and Capsicum fru te s c e n s  cv . Tabasco which w i l t s  a f t e r  inocu ­
l a t i o n  w ith  TEV (6) were used to  id e n t i f y  TEV. PVY was i d e n t i f i e d  by the 
c h a r a c t e r i s t i c  lo c a l  le s io n s  produced on H iy sa lis  f lo r id a n a  and Solanum 
demissum and by th e  immunity o f  D atura s tramonium to  in f e c t io n  by th i s  
v i r u s .  PVX was id e n t i f i e d  by lo c a l  le s io n  fo rm ation  on Gomphrena 
g lobosa and C ass ia  o c c id e n ta l i s . N ico tian a  tabacum cv . H 425 produced 
lo c a l  le s io n s  when in o c u la te d  w ith  SLTMV. TSWV was id e n t i f i e d  by i t s
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T able 1 .—H osts and th e i r  symptoms3 used to  id e n t i fy  pepper v i ru s e s
Viruses** and Symptoms0
H osts CMV TEV PVY PVX SLTMV TSWV
Capsicum annuum cv . 
Yolo Wonder M,RS M M MM M M,RS,N
Capsicum annuum cv . 
K eystone Res. G iant M,RS M M MM M M,RS,N
Capsicum f ru te s c e n s  cv . 
G re e n le a f  Tabasco M,N,LD MM M,N,LD M,RS,N,LD
Capsicum f ru te s c e n s  cv . 
Tabasco M,N,LD W M MM M M,RS,N,LD
Chenopodium am aran tico lo r LL LL LL LL LL
Chenopodium quinoa 
C ass ia  o x id e n ta l i s RS LL
LL
C u cu rb ita  pepo cv . 
Sugar Pumpkin M None None None None
D atura stramonium M,SS None LL LL M,RS
Gomphrena g lobosa LL
N ic o tia n a  tabacum cv . 
Havana 425 M M,E M MM LL M,RS,N
N ic o tia n a  tabacum cv . 
NC 95 M M,E M MM M
P e tu n ia  h v b rid a LL
P h y s a lis  f lo r id a n a M LL
Solanum demissum LL
Vigna s in e s i s  cv . 
C a l i f  B lackeye LL
aA number o f th e  p la n ts  used were recommended by Smith (11) fo r  th e  
i d e n t i f i c a t i o n  o f a p a r t i c u la r  v i r u s .
^CMV-cucumber m osaic v i r u s ,  TEV-tobacco e tch  v i r u s ,  PVY-potato v i r u s  
Y, PVX-potato v i ru s  X, SLTMV-Samsun l a t e n t  s t r a in  o f tobacco  m osaic 
v i r u s ,  and TSWV-tomato s p o tte d  w i l t  v i r u s .
^ - m o s a ic ,  MM-mind m osaic, L L -lo c a l le s io n s ,  R S -rin g sp o ts , N -n e c ro s is ,  
L D -leaf d ro p , SS-shoe s t r in g in g ,  E -e tc h , and W -w ilt.
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fo rm atio n  o f  lo c a l  le s io n s  on P e tu n ia  h y b rid a  and i t s  s tro n g  r e a c t io n  
w ith  Capsicum sp . and D atura  stramonium (1 1 ).
Hammond-Ponchatoula a r e a . Only a few samples were tak en  fo r  
v i ru s  i d e n t i f i c a t i o n  from th e  Hammond-Ponchatoula a re a  b e l l  pepper 
f i e ld s  because o f  th e  low p e rc en ta g e  o f p la n ts  showing symptoms.
V iru ses id e n t i f i e d  from t h i s  a re a  were TEV and CMV.
S t .  James a r e a . Samples taken  from b e l l  pepper p la n ts  grown in  
th e  S t .  James a re a  which had v i r u s  d is e a s e  symptoms showed TEV, PVY,
CMV and TSWV to  be th e  m ost p re v a le n t  v i r u s e s ,  r e s p e c t iv e ly  (Table 2 ) .  
V irus m ix tu re s  were common, p a r t i c u la r l y  from mid to  l a t e  seaso n .
B e ll  peppers  in  th e  S t .  James a re a  a re  seeded in  co ld  fram es and 
tra n sp la n te d  b a r e - r o o t  to  th e  f i e l d .  Repeated in sp e c tio n s  f a i le d  to  
lo c a te  any v i ru s  in fe c te d  p la n ts  in  th e  seedbeds. In fe c te d  p la n ts  
were found in  th e  f i e ld s  w ith in  3 weeks a f t e r  t r a n s p la n t in g .  The 
p e rcen tag e  o f  in fe c te d  p la n t s  in c re a se d  s te a d i ly  and reached  100% in  
many f ie ld s  by th e  tim e o f  th e  f i r s t  h a rv e s t  which was app rox im ate ly  
2 months a f t e r  t r a n s p la n t in g .
B e ll  pepper p la n ts  in fe c te d  w ith  TEV o r PVY show a m osaic w ith  
d ark  g reen  b l i s t e r s  w hile  PV Y -infected p la n ts  have s im ila r  symptoms b u t 
show more ve inband ing  in  advanced s ta g e s  o f  in f e c t io n .  CMV in fe c te d  
p la n ts  a re  s tu n te d ,  th e  le a v e s  develop a d u l l  w h itis h  c a s t  w ith  a 
le a th e ry  appearance , and th e  f r u i t  a re  s e v e re ly  d i s to r t e d .
S t .  M a rtin v ille -B re a u x  B ridge a r e a . T his a re a  grows a wide v a r ie ty  
o f  pepper c u l t i v a r s .  Most o f  th e se  peppers a re  d i r e c t  seeded about 
A p ril 1 and rem ain in  th e  f i e l d  u n t i l  f r o s t .  A few p la n ts  become v i ru s  
in fe c te d  w hile  they  a re  sm a ll. V irus spread  co n tin u es  th rough  th e  
summer and by e a r ly  f a l l  i t  i s  n o t uncommon to  f in d  f i e ld s  w ith  a l l  o f
T able  2 .—V iru ses  m ech an ica lly  t ra n s m itte d  and id e n t i f i e d  from peppers by h o s t  ran g e .
Pepper 
C u ltiv a rs  






















GTP 0 5 0 0 1 0
1969




TP 0 4 0 0 0 0 0 0 0 0 4 0 0 2 10
CP 0 0 3 13 0 0 1 0 0 0 0 0 0 5 22
BP 0 0 5 1 0 0 5 0 0 0 0 0 0 1 12
GTP 0 2 0 0 0 1
1970
0 0 0 0 0 0 0 1 4
TP 0 9 0 1 0 0 0 0 0 0 3 0 0 1 14
CP 0 0 3 0 0 0 3 0 0 0 0 0 0 3 ' 9
BPC 0 0 19 24 2 0 22 0 0 0 0 0 0 0 67
1971
TP 0 8 1 0 0 0 0 0 0 0 0 0 0 0 9
CP 0 0 3 2 0 0 3 0 0 1 0 0 1 2 12
BP 0 0 10 15 6 0 0 1 0 0 0 0 0 2 34
LS 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2
IP 0 0 2 0 0 0 0 3 0 0 0 0 0 0 5
ChP 0 0 6 0 0 0 0 0 0 0 0 0 0 0 6
■ >
M
T able 2 .—-Continued
Pepper TEV TEV TEV PVY TMV TSWV TEV




TP 1 4 0 0 2 0 0 0 0 0 0 0 0 1 8
CP 0 0 2 7 0 0 5 0 0 0 0 0 0 1 15
BP 2 0 20 20 146 0 2 2 0 0 0 0 0 1 193
IP 0 0 1 3 0 0 1 0 0 0 0 1 0 0 6
aGTP-Greenleaf Tabasco p ep p er, TP-Tabasco pep p er, CP-cayenne p ep p er, B P -bell pepper, IP-• I ta l ia n pepper
C h P -ch ili p ep p er, and SL-Louisiana s p o r t .
W ery  few a tte m p ts  were made to  tra n sm it  TEV from Tabasco p la n ts  because th e  w i l t  symptom i s  
d ia g n o s t ic  in  th e  f i e l d .
c 1970 b e l l  pepper survey  was done by Bed Khadka.
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th e  p la n ts  showing v iru s  d is e a s e  symptoms. TEV and CMV have been th e  
v iru s e s  most commonly i s o la te d  from th i s  a rea  (Table 2 ) .
TEV, which causes sudden w i l t in g  and dea th  o f Tabasco p la n t s ,  has 
e lim in a te d  Tabasco p ro d u c tio n  in  t h i s  a rea  excep t fo r  a few is o la te d  
lo c a t io n s .  F re q u e n tly , on ly  a few .Tabasco p la n ts  become in fe c te d  w ith  
TEV through midsummer, th en  in  l a t e  summer or e a r ly  f a l l  th e  v iru s  
moves r a p id ly  th rough  th e  f i e l d ,  and most o f th e  p la n ts  w i l t  and d ie .
TEV, CMV and PVY cause symptoms in  th e  o th e r  pepper c u l t iv a r s  grown in  
t h i s  a re a  s im ila r  to  th o se  d e sc rib e d  fo r  b e l l  pepper.
Avery I s la n d  a r e a . T his a re a  grows only  Tabasco peppers fo r  
p ro d u c tio n , bu t i t  has a ls o  grown a sm all o b s e rv a tio n a l p lo t  o f G reen leaf 
Tabasco fo r  th e  p a s t  few y e a r s .  A ll o f  the p la n ts  f o r  t h i s  a rea  a re  
produced in  a greenhouse o r  co ld  fram es and tra n s p la n te d  to  the f i e l d .
I t  was found th a t  th e  p la n ts  were n e a r ly  100% in fe c te d  w ith  SLTMV a t  
th e  tim e they  were tra n s p la n te d  to  th e  f i e ld .  I t  was a ls o  shown th a t  
a sm all p ercen tag e  o f the  p la n ts  became in fe c te d  th rough  seed t r a n s ­
m iss io n . P runing o f s e e d lin g s  norm ally  p ra c t ic e d  in  p ro d u c tio n  o f  th ese  
p la n ts  sp reads the  v iru s  th ro u g h o u t the  se e d lin g  p o p u la tio n  (See 
S e c tio n  I I I ) .  Tabasco p la n ts  show a g e n e ra l mosaic symptom w ith  some 
le a f  c r in k lin g  and re d u c tio n  in  l e a f  and p la n t  s iz e .  These symptoms 
a re  exp ressed  th roughou t th e  l i f e  o f th e  p la n t .  G reen lea f Tabasco 
s e e d lin g s  show an i n i t i a l  shock r e a c t io n  from SLTMV in f e c t io n  w ith  
n e c ro t ic  a re a s  develop ing  on th e  le a v e s  and stem  fo llow ed  by l e a f  d rop . 
The p la n t  then  p u ts  o u t new growth which shows symptoms s im ila r  to  
th o se  in  SLTMV-infected Tabasco.
TE V -infected Tabasco p la n ts  b eg in  to  appear l a t e  in  the  growing 
season  on Avery I s la n d .  W ilted  p la n ts  occur p r im a r ily  as  random
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in d iv id u a ls ,  b u t o c c a s io n a lly  th e y  occur in  pockets  o f  a dozen o r  more 
which w i l t  and d ie .  I t  i s  e s tim a te d  th a t  15 to  20% o f th e  Tabasco 
p la n ts  on Avery I s la n d  d ie  an n u a lly  due to  TEV in f e c t io n  by th e  end o f  
h a rv e s t .  However, due to  th e  l a t e  appearance o f th e  v i r u s ,  many o f 
th e se  p la n ts  may have been h a rv e s te d  two o r th re e  tim e s . Tabasco pepper 
h as  been grown fo r  on ly  2 y e a rs  on J e f fe rs o n  Is la n d  and TEV-wilted 
p la n ts  to ta le d  n ea r 50% by th e  end o f  each growing season .
None o f  th e  G reen leaf Tabasco, which was developed fo r  TEV-wilt 
r e s i s ta n c e  (7 ) ,  has been observed  to  w i l t .  Greenhouse in o c u la t io n s  
a ls o  have confirm ed th e  w i l t  r e s i s ta n c e  o f G reen leaf Tabasco, b u t the  
in o c u la te d  p la n ts  do show a m ild  m osaic and the  v iru s  can be t r a n s ­
m itte d  m ech an ica lly  from them.
O ther v iru s e s  i s o la te d  from peppers in  th i s  a rea  a re  TSWV, PVY,.CMV 
and PVX (Table 2 ) .  Tabasco and G reen leaf Tabasco a re  s e v e re ly  a f f e c te d  
by TSWV. Symptoms a re  a m osaic fo llow ed by le a f  and stem  n e c r o s is ,  
l e a f  d ro p , and v e ry  d i s to r te d  new grow th. S im ila r  symptoms o ccu r in  
se e d lin g s  o f  b o th  o f  th e se  c u l t i v a r s  when in o c u la ted  w ith  CMV. However, 
i t  has been observed  w ith  l a r g e r  Tabasco p la n ts  in  th e  f i e ld  th a t  th e se  
symptoms occu r only  on in o c u la te d  b ran ch es , and th e  u n in o c u la te d  b ranches 
develop  in to  a ty p ic a l  m ature p l a n t .  A ttem pts to  i s o l a t e  CMV from 
symptomless p a r ts  o f  in o c u la te d  p la n ts  have f a i le d .  PVY cau ses  la rg e  
yellow  b lo tc h e s  on Tabasco le a v e s  and s tu n ts  th e  p la n t s .
Weed h o s t s . Numerous a tte m p ts  were made to  m ech an ica lly  t ra n s m it 
v i ru s e s  from weeds and c u l t iv a te d  p la n ts  growing in  the  v i c i n i t y  o f  
pepper f i e ld s  (T ables 3 ,4 ,5 ) .  L i t t l e  success  was r e a l iz e d  in  t r a n s ­
m it t in g  v i ru s e s  th a t  a re  common in  pepper from weeds in  the  same 
v i c i n i t y .  From weeds n ea r b e l l  pepper f i e ld s  TEV was tra n s m it te d  from
T able 3 . —Survey o f  v iru s e s  i s o la te d  from plants*5 growing in  th e  v i c i n i t y  o f  Tabasco pepper f i e l d s .
1970 1971
P la n t number v iru s e s number v iru s e s
No. S c ie n t i f i c  Name Common Name surveyed recovered surveyed recovered
1 Ambrosia a r t e m is i i f o l i a  L. Ragweed 2 0 1 1 unk
2 Ampelopsis a rb o rea  (L .) Koehne Pepper Vine 5 2 unka 0 0
3 C assia  to ra  L. Siclclepod 5 0 0 0
4 C erastium  vulgatum  L. Mouse Ear Chickweed 0 0 1 0
5 Chaerophyllum t a i n t u r i e r i  Hook 0 0 3 0
6 Chenopodium sp . Pigweed 1 0 0 0
7 Commelina communis L. 2 0 0 0
8 Convolvulaceae 1 0 0 0
9 Dichondra rep en s F o rs t Dichondra 0 0 1 0
10 Euphorbia o b u sa ta  Pursh 0 0 1 0
11 Galium a p a r in e  L. 0 0 2 1 unk
12 Geranium ca ro lin ian u m  L. Geranium 0 0 4 0
13 G lycine max L. Soybean 1 0 0 0
14 L actuca s c a r io la  L. Wild L e ttu c e 10 1 TMV 1 0
15 Nothoscordum b iv a lv e  (L .) B r i t t  F a lse  G a rlic 0 0 1 0
16 O enothera sp e c io sa  N u tt Evening Prim rose 0 0 2 0
17 P h a c e lia  sp .
18 Ranunculus sp . Ranunculus 0 0 1 0
19 S t e l l a r i a  media (L .) C y r ll lo Chickweed 0 o 1 0
aunk=unidentified virus (es).
^Or. Claire Brown, Professor Emeritus, Dept, of Botany, Louisiana State Univ., Baton Rouge, Louisiana 
was consulted on plant identifications.
Table 4 . --Survey o f  v ir u se s  iso la te d  from plant^5 growing in  the v ic in i t y  o f cayenne pepper f i e ld s .
No. S c ie n t i f i c  Name
P la n t
Common Name
1970
number v iru s e s  
surveyed recovered
1971
number v iru s e s  
surveyed recovered
1 Ambrosia a r t e m is i i f o l i a  L. Ragweed 4 0 1 1 unk
2 Ambrosia t r i f i d a  L. Blood Weed 1 0 5 2 unk
3 A ste r o r Goldenrod 1 0
4 C assia  to ra  L. S ick lepod 1 0
5 C erastium  vulgatum  L. Mouse Ear Chick Weed 1 1 TMV
6 C irsium  sp . T h is t le 1 0
7 Cnicus b e n e d ic tu s  L. B lessed  T h is t le 1 0
8 Commelina communis L. Day Flower 2 0
9 E rig e ro n  p h ila d e lp h ic u s  L. 1 0
10 Galium a p a r in e  L. 1 0
11 Geranium caro lin ian u m  L. Geranium 0
12 G lycine max L. Soybean 1 0
13 Ipomoea s p . M orning Glory 1 0
14 L actuca s c a r io la  L. Wild L e ttu ce 5 1 CMV
15 Lamium am plex icau le  L. H enbit 6 0
16 Lythrum elatum  L. L o o se s tr ip e 2 0
17 O enothera l a c e in ia t a  H i l l C u tle a f  Evening Prim rose 2 0
18 P a s s i f lo r a  in c a rn a ta  L. Maypop 1 0 1 0
19 Rumex c r is p u s  L. Dock 2 0
20 S olidago sp . Goldenrod 1 0 2 0
21 V ic ia  sp . Vetch 1 0
aunk=unidentified virus (es)
^Dr. Claire Brown, Professor Emeritus, Dept, of Botany, Louisiana State Univ., Baton Rouge, Louisiana 
was consulted on plant identifications.
Table 5 . --Survey o f  v iru se s  iso la te d  from p la n ts  growing in  the v ic in i t y  o f  b e l l  pepper f ie ld s .
No.
P la n t
S c ie n t i f i c  Name Common Name
1970
number v iru s e s  
surveyed recovered
1971
number v iru s e s  
. surveyed recovered
1 Amaranthus r e t ro f le x u s  L. Amaranthus 1 0 0 0
2 Ambrosia a r t e m is i i f o l i a  L. Ragweed 4 2 unk 2 0
3 Ambrosia t r i f i d a  L. Bloodweed 0 0 4 2 unk
4 A ste r o r  Goldenrod 0 0 4 0
5 Ampelopsis a rb o rea  (L .) Koehne Pepper Vine 4 0 0 0
6 B ra s s ic a  sp . M ustard 0 0 3 2 PVX
7 C erastium  vulgatum  L. Mouse Ear Chickweed 0 0 1 0
8 Cnicus b e n e d ic tu s  L. B lessed  T h is t le 0 0 1 0
9 Cornus s p . Dogwood 3 0 0 0
10 Cucumis melo L. Muskmellon 1 0 0 0
11 Cucumis melo v a r .
c a n a tlu p e n s is  Naud. C antalope 1 1 CMV 0 0
12 E c h in o c y s tis  lo b a ta  (Mich) T&G Wild Cucumber 3 0 0 0
13 Galium a p a r in e  L. 0 0 1 0
14 Geranium caro lin ian u m  L. W ild Geranium 0 0 2 0
15 L actuca s c a r io la  L. Wild L e ttu ce 7 0 20 1 CMV, 2 unk
16 Lamium am plex icau le  L. H enbit 0 0 1 0
17 Lycopersicon esculentum  M il l . Tomato 1 1 CMV+unk 3 1 TMV+TEV, 1 TMV
1 TMV+FVX
18 M odiola caro lan ium  (L .) G. Don,» 1 0 1 0




20 O enothera l a c i n l a t a  H i l l  C u tle a f  Evening Prim rose 0 0 2 0
21 O enothera sp ec io sa  N u tt. Evening Prim rose
0 0 022 P a s s i f lo r a  in c a rn a ta  L. Maypop 2
T able 5 . —Continued
No.
P la n t
S c ie n t i f i c  Name Common Name
1972
number v iru s e s  
surveyed reco v ered
1971
number v iru s e s  
surveyed recovered
23 P h y sa lis  sp . Ground Cherry 2 1 TEV . 0 0
24 P o r tu la c a  o le ra c e a  L . P o rtu la c a 2 2 CMV 0 0
25 Rumex c r is p u s  L. Dock 0 0 2 0
26 Ranunculus sp . Ranunculus 1 0 1 0
27 Rudbeckia a m p le x ica u lis  V ahl. 1 0 4 0
28 Senecio sp . G roundsel 0 0 1 0
29 Solanum melongena L. E ggplan t 4 2 CMV, 1 TEV 0 0
30 Sonchus sp . S o w th is tle 1 0 0 0
31 S olidago sp . Goldenrod 2 0 0 0
32 Sorgum h a lep en se  (L .) P e rs . Johnsongrass 4 0 0 0
33 Stachys a rv e n s is  L. 0 0 3 0
34 T rifo liu m  sp . C lover 0 0 2 0
35 Verbena h a s ta ta  L. V erbenia 2 0 0 0
36 V ernonia sp . Ironweed 0 0 1 0
aunk-unidentified virus (es)
bDr. Claire Brown, Professor Emeritus, Dept, of Botany, Louisiana State Univ., Baton Rouge, Louisiana 
was consulted on plant identifications.
a F h y sa lis  s p . ,  and CMV was tra n s m itte d  from two P o rtu la ca  o le ra c e a  
p la n ts  and one w ild  l e t t u c e ,  Lactuca s c a r i o l a . SLTMV was t r a n s ­
m itte d  from one w ild  l e t tu c e  p la n t  growing n ea r a Tabasco f i e l d ,  
and CMV was tra n s m it te d  from a w ild  l e t tu c e  p la n t  growing n ea r a 
cayenne pepper f i e l d .  C u ltiv a te d  p la n ts  growing n ear b e l l  peppers 
w ere a ssa y ed , and th e  r e s u l t s  were as fo llo w s: m ustard  -  2 PVX; c a n ta ­
loupe - 1 CMV; tom ato - 1 CMV + unknown, 1 TMV + TEV, 1 TMV, 1 TMV + 
PVX; tobacco  -  3 TMV, 2 TMV + PVX, 1 TMV + TEV, 2 TMV +  unknown; and 
e g g p lan t -  2 CMV and 1 TEV (Table 5 ) .
Y ie ld  re d u c tio n s  from v i r a l  i n f e c t io n s . R ep lica ted  p lo t  e x p e r i­
ments showed a  av erag e  o f  a 22% re d u c tio n  in  y ie ld  due to  SLTMV 
in f e c t io n  in  Tabasco peppers (See S ec tio n  I I I ) . P re lim in a ry  r e s u l t s  
o f  y i e ld  t r i a l s  a t  C hase, L o u isian a  have shown a 23% re d u c tio n  o f  
y ie ld  in  b 'e ll  peppers in fe c te d  w ith  TEV, a 97% re d u c tio n  in  b e l l  
peppers in fe c te d  w ith  CMV, and a 96% re d u c tio n  in  peppers in o c u la te d  
w ith  a  m ix tu re  o f  CMV + TEV. In  cayenne, TEV in f e c t io n  reduced 
y ie ld  by 21%, CMV by 61% and th e  CMV + TEV m ix tu re  by 62%.
DISCUSSION
There a re  a number o f  pepper types grown com m ercially  in  L o u is i­
ana in c lu d in g  b e l l ,  cayenne, Tabasco, I t a l i a n ,  c h i l i ,  banana, ch e rry  
and s p o r t .  A ll  o f  th e s e  types have been found to  be in fe c te d  w ith  
v i r u s e s .  Of th e  fo u r  m ajor com m ercial pepper a re a s  in  th e  s t a t e ,  
o n ly  th e  Hammond-Ponchatoula a re a  was r e l a t i v e ly  f r e e  o f  v iru s  
d is e a s e  damage. Even though l i t t l e  damage has been reco g n ized  in  
th e  b e l l  peppers grown th e r e ,  th e  same v iru s e s  which move so ra p id ly  
and cau se  heavy damage to  peppers in  o th e r  a r e a s ,  have been i s o la te d .
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The reaso n s fo r  th e  lack  o f  e a r ly  sp rea d  have no t been d e term ined .
The Hammond-Ponchatoula a re a  i s  o n ly  abou t 30 m iles  from th e  S t.
James a re a  where damage to  b e l l  pepper has been s e v e re , however 
s o i l  types and co n seq u en tly  f lo r a  a r e  q u i te  d i f f e r e n t .
In  th e  S t. James a re a ,  v i ru s  d is e a s e s ,  caused p r im a r i ly  by 
TEV, PVY and CMV, have been re s p o n s ib le  f o r  a  g re a t  r e d u c tio n  in  
a c reag e  over th e  p a s t  few y e a r s .  None o f  th e  f ie ld s  surveyed 
escaped v i r a l  in f e c t io n .  O ften  e n t i r e  f i e ld s  were abandoned b e fo re  
h a rv e s t  when an e a r ly  v i r a l  in f e c t io n  moves th roughou t th e  f i e l d .
T his i s  p a r t i c u la r ly  th e  ca se  when th e  predom inate  v iru s  i s  CMV, be­
cau se  CMV-infected p la n ts  produce l i t t l e  o r  no m ark e tab le  f r u i t .
TEV and CMV were th e  v iru s e s  m ost commonly is o la te d  from 
peppers in  th e  S t. M a rtin v ilie -B re a u x  B ridge a r e a .  Peppers grown in  
t h i s  a re a  a re  d i r e c t  seeded and rem ain in  th e  f i e l d  u n t i l  f r o s t .
Some in fe c te d  p la n ts  can be found in  f ie ld s  o f  young s e e d lin g  pepper 
and th e r e  i s  ev idence o f  movement th ro u g h o u t th e  summer, b u t i t  appears 
th a t  most movement occurs in  th e  e a r ly  f a l l .  Many o f  th e  p la n ts  in  
th i s  a re a  come up a f t e r  th e  m ajor s p r in g  ap h id  f l ig h t s  and escape 
e a r ly  m assive in f e c t io n s .  However, th e r e  i s  a  second peak o f  aphid  
f l i g h t s  in  f a l l  (perso n n a l com m unication, Dr. L. D. Newsom) and i t  
i s  sp e c u la te d  th a t  th i s  i s  r e s p o n s ib le  f o r  th e  ra p id  sp read  o f  
v iru s e s  in  th e  f a l l .  This would acco u n t f o r  th e  sudden d ea th  o f 
e n t i r e  f ie ld s  o f  Tabasco from TEV th a t  escaped  s e r io u s  damage 
th rough  th e  summer.
In  th e  Avery I s la n d  a r e a ,  Tabasco was found to  be n e a r  100% 
in fe c te d  w ith  SLTMV. This was tr a c e d  back to  seed  tra n sm iss io n  
o f  th e  v iru s  and found to  be t r a n s m it te d  th ro u g h o u t th e  p la n t
p o p u la tio n  by p run ing  o f  se e d lin g s  in  the  p la n t  bed (see  S e c tio n  I I I ) .  
TEV in f e c t io n  does occur in  th e  p la n tin g s  on Avery and J e f fe r s o n  I s la n d s ,  
b u t thus f a r  has n o t e lim in a te d  p ro d u c tio n  o f  th e  Tabasco c u l t i v a r .
I t  seems u n l ik e ly  t h a t  i t  w i l l  e lim in a te  p ro d u c tio n  on Avery I s la n d  due 
to  th e  long h is to r y  o f  Tabasco on th i s  is la n d  (10) and th e  f a c t  th a t  
TEV has been known to  be cau sin g  d ea th  o f some p la n ts  each y e a r  s in c e  
1958 o r b e fo re  (9 ) . The reaso n s suggested  fo r  TEV n o t becoming epidem ic 
on Avery I s la n d  a r e :  ( i )  i s o l a t i o n  o f Avery I s la n d  by a b ra k ish  w a te r 
m arsh from o th e r  c u l t iv a te d  land  by a m ile  o r m ore, ( i i )  th e  f a c t  th a t  
o th e r  Solanaceous cro p s  a re  n o t c u l t iv a te d  on th e  i s la n d ,  and ( i i i )  
Tabasco p la n ts  do n o t se rv e  as r e s e r v o ir  p la n ts  due to  th e i r  r a p id  d ea th  
fo llo w in g  in f e c t io n .  Tabasco has been grown on J e f fe r s o n  I s la n d  fo r  
o n ly  2 y ea rs  b u t w ith  l e s s  su ccess  in  term s o f TEV, up to  50% in fe c t io n  
l a t e  in  th e  seaso n . The reason  fo r  t h i s  i s  though t to  be due to  th e  
la c k  o f i s o la t io n  by m arsh la n d , even though no o th e r  Solanaceous 
crops a re  c u l t iv a te d  n ea rb y .
"O h iy  p re lim in a ry  d a ta  a re  a v a i la b le  from t h i s  s tudy  to  show th e  
e f f e c t  o f  v iru s e s  on y ie ld  o f  b e l l  and cayenne pepper in  ex p erim en ta l 
p l o t s .  However, t h i s  d a ta  seems to  c o r r e l a t e  w ith  t h a t  o b ta in ed  e l s e ­
w here. V il la lo n  (12) re p o rte d  a 6 to  53% y ie ld  re d u c tio n  in  b e l l  
pepper in o c u la te d  w ith  TEV in  Texas. A y ie ld  re d u c tio n  o f 74% was 
re p o r te d  in  " red  p epper"  in o c u la te d  w ith  CMV in  Y u g o s la v ia .(2 ) .  The 
p re s e n t  study  showed a y ie ld  re d u c tio n  o f  97% by CMV and 23% by TEV, 
in  b e l l  pepper y ie ld s ,  61% by CMV and 21% by TEV in  cayenne pepper y ie ld s  
and 22% by SLTMV in  Tabasco y ie ld s .
A la r g e  number o f p la n t s  were surveyed to  de term ine an a l t e r n a t e  
o v e r -w in te r in g  host fo r th e  v i ru s e s  in fe c t in g  pepper (T ables 3 ,4 ,5 ) .
No s in g le  sp e c ie s  o f  p la n ts  was found to  h a rb o r any o f  th e  pepper 
v i r u s e s  to  a n y  large  e x te n t .  Experim ents are  c u r r e n t ly  co n tin u in g  a t  
LSU to  i d e n t i f y  a l t e r n a te  h o s ts  o f  the v i r u s e s  and to  s tu d y  f l o r a l  
d i f f e r e n c e s  between the S t .  James a re a , and Hammond-Ponchatoula a r e a .
In s e ro lo g ic a l  s tu d ie s ,  an attem pt was made to  develop  a ra p id  
m ethod fo r  sc ree n in g  la rg e  numbers of f i e l d  sam ples fo r  th e  p resen ce  o f  
v i r u s e s .  Samples from f i e ld  p la n ts  in o c u la te d  w ith  TEV, PVY and CMV 
r e s p e c t iv e ly  were c o l le c te d  and frozen . S e ro lo g ic a l i d e n t i f i c a t i o n  o f  
th e  fro zen  v i r u s  in fe c te d  p la n ts  were a tte m p ted  3 to  5 months a f t e r  th e  
p l a n t s  were fro zen . I t  was found th a t  CMV cou ld  be d e te c te d  by t h i s  
m ethod. PVY and TEV were n o t d e tec ted ; however th e  f r e e z e r  d e f ro s te d  
f o r  a  sh o rt period  o f  tim e du rin g  s to ra g e  of th e  p la n t  sam ples and th e  
v i r u s  may h a v e  been d e n a tu red . Greenhouse p la n ts  in fe c te d  w ith  TEV 
and PVY gave p o s it iv e  s e ro lo g ic a l  r e a c t io n s  a f t e r  be in g  fro zen  and 
thaw ed. The SDS c o n ta in in g  medium (4) w as th e  most s a t i s f a c to r y  fo r  
s e ro lo g ic a l  s tu d ie s  o f TEV and PVY.
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